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MICROTIABITAT SELECTION BY THE JOHNNY DARTER,
ETHEOSTOMA NIGRUM RAFINESQUE, IN A WYOMING STREAM

Robert AL l‘(*id'\]

ABSTRAC

Microliabitat selection by the jolnnn darter (Ethcostoma nigrmm was exanined in the North Laramie River,

Platte Connte. Wyoming, where it does not occur with other darter species in the sane streany reach. Electivity indices

hased on microhabitat ohsenvations indicate that £,

nignon avoids rillles and selects cortain microhabitats characterized by

intermediate water depths in pools and slow-moving rims with a substrate composed primarily of silt and sand. Niche
Dreadth and clectivity valies for total depth. hottom water velocity, and substrate measurements from this stady indicate
that £ nigrn s a habitat generalist. exeept at the extreme ends of the habitat gradient. Habitat nse heve is generally similar

to other studies where E.wigrmon ocenrred with one or more other darter species. This stindy fonnd little evidence for

competitive release in the absence ol other darters.

Key words. micyoliabitat use. Peveidac. niche breadth. competitive velease, clectivities. inoiphological specializations.

Ftheostoma nigrin.

The jolmny darter exhibits the largest geo-
"mp]m distribntion among the North American
darters (Etheostomatini: Percidae), with the
possible exception ol Percina caprodes. 1t
occurs fartherwest than m n other darter except
Etheostoma exile (Page 19S3). The « cology of E.
nigriom has rece #hed aamsderapk stn(l\ often
in conpnction with other darter species (e.g.,
Winn 193S. Smart and Gee 1979, Paine et al.
1992, Englert and Seghers 1983, Mundahl and
Ingersoll 1983 NMartin 1954, The abilitv of E.
wigriin to colonize such a targe ”(’(l”l"l[)lﬁ(‘ area
may be explained in part l)\ its tolerance ol a

varie (\ ol environmental (ondlllnns Scott and
Crossman 1973, Trantman 1981, Becker 1983)

Throughont most ofits range. . nigrinn coex-
ists with one or more darter species i streams

MceCormick and Aspinwall T9S3. Seliosser and
Toth 1951 Todd imd Stewart 19830, E. nigrig
is also commonh fonnd in fakes with we PR

sandyv shorelines  Page 1983). Coenisting dant-
Crs l\pl( ally show vesource partitioning along
food and habitat axes (Smart and Gee 1979,
Paine et al. 1992, Matthews ot al. 1992, White
and Aspinwall 1951 Todd and Stewart 19830, In
addition to £ nigrne the Towa davter  E. evile)
and the  orangethroat  darter Etheostoma
spectibile ocen i the npper Platte River drain-
ade ol castern Wyoming, Both E. ydgrum and E,.
exile ocenr in awtribntany of the North Platte
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River, the Laramice River, and several of'its trib-
ntary streams. bt have not heen recorded as
co-occurring there (Baxter and Simon 1970,
Page 1953).

The purpose ol this paper is to exanine the
microhabitat use of E. nigrune at the westem
extreme of its range where it does not coexist
with other darter species in the same reach of
streant. Tawvo basic (uestions are addressed: (1)
Are the microhabitat reguirements significantly
diltevent for E. nigrnm in the study stream
C()llll)zll'(’(] to other streams in North America
where it is found? (2) Does E. nigrum show
signs ol conmpetitive release in the absence of
other darters?

STUDY AREA

The North
\\')‘()lllillg,

Laramic River, Platte County,
diains the central Medicine Bow
Monntains and is a tributarny of the Laramic
River whiclvin turm joins the North Platte River
near the town of Wheatland. The study was
confined to a 100-m reach of river (ll)l)l()\]nhlt(’]_\
10 km upstrean [vomn Interstate lliglnmyQS (ele-
vation 1126 1), At this location the river traverses
abroad floodplain averaging 0.75-1.0 ki in width.
Dominant overston riparian vegetation includes
cottonwvood Iupu/us deltoides) ‘md varions tree
and slimbwillows (Selix spp.). The study area is

armne Street San Francseo Cahfonma 911405
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sparsely popnlated with Targe cattle ranchies and
alfalfa farms hordering the lower to middle
enelies. AW e sl T wlbess
land-nse practices has been removal of viparian
vegetation and consequent associated sedimen-
tation: ~ however.  fencing  has  effectively
eneluded cattle from the North Laramie River
along the study reach.

The stll(l}' reach. chosen as r(‘l)r('svntuti\'v ol

the lower portions of the North Laramie River,
is generally characterized by Jarge. relatively
miform, shallow pools comected by short rif-
fles and runs of varving water v clocities. Wetted
stream chammel width within the slll(l}‘ reach
averages 6.5 mwith a gradient of 1.7 m/kin. This
contrasts with gradients within the middle
reaches of the North Laramie River of [5.]
m/km. Stream discharvge at the study site aver-
ages 0170 3 d]l]l()l]“’]) short-term hictnations
in {low may ocenr from summer thunderstorms
and irrigation diversions. The substrate ranges
from a dominance of small graveland sand, silt.
and detritus in pools to medimm to large gravel
and cobble in riftles and runs. Diel water tem-
peratires in sumnmer typically range from 13.3
to 21 C. Mininnm undenwvater visibilite in the
river was 2.5 m or greater during the study.
Rooted l(llhltl( vegetation \\ﬂhm the tn(l\
reach inelides w atemoe(l Elodea canadensis).
perfoliate pennveress (Thlaspi - perfoliatim),
and Rannnenlus longirostris.

NETHODS

Microhabitat observations of E. wigrm were
made T-12 September 1988, Undistinhed fish
were located by a single observer snorkeling in
an upstrean direction. Becanse of the hl(fll
water clarity, relatively close spacing of m(lmd-
nal fish. and their observed labit of re neining
in direct contact with the substrate, marking the
location of fish was not a probleny. Typically the
locations of 47 individuals were noted and
marked by pla(m(r awhite golf ball on the sub-
strate. This approach (l”()\\((l the snorkler to
maximize the nomber of undisturbed individnal
observations  and  minimize  disturbance  to
upstrean fish,

For each individual obsenvation the loflowing
microhabitat datawere recorded: (1) total depth
of the water colimm. (2) focal point elevation
(vertical distance of the fish from the bottom).
(3) focal point velocity (water velocity at the
fish’s snont), (4) mean water colimm -\‘(’]()L'i(}',
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(3} surface velocity, (67 substrate composition.
and (7 cover t\]u \e Inut\ measurementswere
made with amini low meter (Scientific Tistrno
ments. Inc.. Maodel 12050 Mean water colimnn
velocity was measnred as the velocitv at 0.6 of
the total depth when the total (1(1)(11 was less
than 0.75 11, or the mean velocities at 0.2 and
0.5 of the total depth when areater than 0.73 )
(Bovee and Milhonse 197S). Relative <|<'pt]|_ 2
measnrenient of the location of the fish in the
water colmm, was calenfated by subtracting
focal-point elevation (rom total depthand divid-
ing by totat depth. All obserned individnals were
arcater than 25 nnn standard length: however
no effort was made to distingnish between jive-
nile and adult fish. '

Nine codes were used (o characterize snb-
strate composition (percentage ) inan arca 0.15
m on a side measured tfrom beneath each fish:
1. fines (sand and sinaller); 2. simall eravel 14-23
mm): 3. medinm gravel (25350 nmn: 4 lavge
gravel (>350-75 wmo: 3. small cobble 1 >75 150
mm): 6. medinm cobble (>130-225 nn: 7.
targe cobble (225-300 v ); S.small boulder
(>300-900 mm): and 9. large boulder/bedrock
(>900 mm). A cover rating (0-2) as measured
by the relative degree of protection of fish fron
stream velocity, visial isolation, and light reduc-
tion (i.c., slmdmg was assigncd to cach obser-
vation. A rating ol 0 denoted no protection: 1.
moderate protection: and 2, major protection,
The general type and location of cover in rela-
tion to fish also were noted.

[abitat availability was determined randonily
cach dav immediate v following the collection
of microhabitat-nse data Novle and Balt
1953). The following availability measurements
were made along 10 andomly sclected tran-
sects within lh(' study re sach: total de pth:
bottom, mean water colimmn. and surface veloce-
ities; substrate composition: and cover tvpe.
Between 15 and 30 eqnally spaced measnre-
ments were made along cach transect. To ade-
quately characterize labitat availability within
the comparatively short stndy reach. an eftort
was made to colleet .1[)])1()\||n‘1t( Jvotwice as
mam: measurements of Tahitat aail: hility as
mic 1()]14])1{& obsernvations.

An electivity index was used to deternmnine
selectivity l)\ 1 nigruin for total de 1\(]1 botton
waterve 1()( it\ and snbstrate u)m]nm\nm Elee-
calendated  rom the Tommila
2ip. where vis the proportion ol

ilable

tivities
D=r—p/ir+p!

the resonree nsed and pis the proportion ava

were
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Fig. 1\ Relative fregnencey distributions of microhabitat nse and availability for total water colwm depths for E. nigrum
in the North Laramic River. Electivities are indicated «+ (0,50, strong preference). + 1>0.25 Imt <0.50, moderate
prefercnce’ 004025 no preferencel, = (= -0.05 bnt .25, moderate avoidance). and = (< =0.05, strong avoidance).
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this st \ Kolmogorov-Smirnov tions were sienificant (Sokal and Rohlf 19S1).
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An additional measure of microhabitat utiliza-
tion, niche breadth, was caleulated for E.
nigrum. Two measures of niche breadth were

calenlated to ade ‘quately characterize the effect
that the selectivity of rare and common
resources mighit have on niche-breadth vahies.
Iurlberts measure of niche breadth (B”), which
is sensitive to the selection of rare TCSOUTCES, Was

aleulated as follows: B :]/‘ })J |/a, Snith’s
measire of niche breadth (FT), which is less
sensitive to the selectivity ()i' FATE TCSOUTCES, WS
caleulated as follows:

FT = $(vpj)

where pj equals the proportion of individuals
found in resonree j(Xpj=1.0), and ajis the pro-

portion of total ax ailable resources ¢ onsisting of

resonrce j(Xaj=1.0) (Krebs 1989). B’ values
were standardized to a scale of 0-1. using the
equation B'Aa=B" —ami/l —amin,  where B’
equals Hulbert's niche breadth, and ain equals
the  smallest  obsernved proportion  of all
resources (minitmum aj). The larger the B and
FT values, the less individuals discriminate
between resource states (minimm Spc(-iu]izu—
tion); the smaller the B” and FT values. the
areater the resource discrimination (maximun
specialization).

elative frequency distributions of microhabitat nse and availability for snbstrate codes for E- nigron in the
North Laramie River. Electivitios are indicated ++ (>0.50, strong preference) + 12025 bt -
0.25, moderate avoidance ), and

0.50. moderate e lerence
0.05, strong avoidance

RESULTS

Fi«fllt species of fish were observed with |
nigrum at the studv site. These were sand shiner
(11:/];()011(11/1115 hankinsoni). snckermouth minnow
(Phenacobins mivabilis), creek ¢hub (Semotilis
atvomoculatus), common shiner \'(rm‘}u'.\ cor-
nntns), ved shiner (N lutrensis), bicioouth shiner

N. dorsalis), white sucker (Catostons commer-
sond), and rainhow tront (Oncorlignchus imykiss

Microliabitat Observations and
[abitat Availability

Microhabitat-use  data  indicated  that [
III“'IHHI alwavs ocenrred in continuous contact
\\lt]) the substrate where water velocities wer
low (Table D). Etheostoma nigron was almost
exclusively found over a substrate of sand or
small g avel. ustatly in ])nnlx and slow-moving
mm()fmt( rmediate depth (1 Fable 1, Figs. TA(
In contrast. surface velocities often were rela
tively high.

In this study. obsernvations indicated that indi
vidual fish were positioned 1) on the surface «
the exposed substrate with no apparc nf COVC
2) inmunediatel below the front edee of aslie

depression in the sand that served to protect fisl
from the enrrent. or (3) rarely on the dows
stream slope of a small cobble also protected
from the current. In all cases. E. nigrn
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from microlabitat use and
nigriom in the North Lara-

Tasie 1 Means S.D
avaulability measurements for E
mic River, Wyoming.

Habitat nse [labitat

\ariable abservations availability
Total depth ene 405 + 85 271 - 168
Focal point evaluation ccm) 0.1+ 0.01
Relative depthem 0.9 +0.02
Mean water columm velocity

cnrs C 26+ 453 3.7 = 6.4
Focal pointhottom velocity

cmes 0.7 1.5+ 3.1
Surface velocily cemy/s) s 5.4+ 5.2
Substrate tvpes 1 %

I fines 62.1 + 355 34.1 +

2 sl gravel 165~ 196 21.6

3 medinm gravel 7.6 = 147 64

B arge gravel 1.7+ 135 5.5

5 smadl cobble 6.3 = 15.7 9.7 2

6 medinm cobble 21=113 15.5

T large cobble 0.7+ 0.20 6.5 2

S small boulder

9 farge l)uuldu — —
Cover cade!’ 10-21

Stream velocity 1.5+ 0.6 —

Visual isolation 0.5+ 0.6 -

Light reduction 0.1-03
Samiple size 91 165

Refer o Methods

Tapre 2. Niche breadthvalues (B vand FT) lor . nigrom
for total <|< ‘pthe bottom water velocity, and substrate in the
North Laramie River, Wyoming tapprovimate 95% conli-
dence interval shown in parentheses 1.

Botton
Total depthy velodity Substrate
Tnrlberts B/y 45011, 149 S60.72..850) 70166, .71
Smiths I'T G20.65..7S SOCST 93 93059, .86

positioned itself in close proximity with other
tvpes ol instream cover (e.g., stones, cobbles.
The
average distance to sneli cover was less than 6
cm for SY¢

Measnrements

bhranches. or small depressions in the sand).

¢ of the observations.

ol microhabitat availability
indicated that average water depths available to
Enigrom were shallower than the depths at
which it was t\pi(u]])' observed tKohnogorov-

Smirmov test. 230 p <01 and available mean
bottoun water velocities were  greater than
where lishwere obsernved K-S test., 255 2 2]

Figs. 1A B Inaddition. availuble substrate was

dominated by fines 300 ). but

and small gravel
this w. |~.(1|\])|upm[mn e |\ Im\ whe 1 Comp: arcd
with microhabitat nse ()l).\( mations Tor these

NATURALIST [Vohune 52

(79%: K-S test, .25,

same  substrate types
p < 0L Fig. 10).

IHabitat Selection and Niche Breadth

Electivity indices indicate that E. nigrun was
sel(*('ting cortain microhabitats while ;1\‘()i(]ing
others. E. nigrm selected intermediate water
depths and u\'oi(lv(] high mean water cohunn
velocities ( Figs. . There was a strong
selectivity fora sn])stmt( Composc dof sand, (m(]
an avoidance of medinm to lar ae cobbles (Fig.
1C). Fish generally avoided areas that (1) ¢ \]n])-
ited hich snrface water velocities, (2) were iso-
lated visnally, or (3) were well shaded by
physical cover (Table 1). Rather, fish utilized
relatively barren substrates exposed to fnll sun-
licht but close to cover. Microhabitat niche
breadths (B yvand FTvalnes) for depth, \'("I()cit};
and substrate indicate little resonrce specializa-
tion by E. nigrum (Tuble 2).

DISCUSSTON

The results of the electivity indices and the
K-S test indicate that E. nigrunn is highly selec-
tive in the microhabitats it occupies. However,
niche breadth valnes sngoest that E. nigrum
does not  diseriminate between  available
nicrohabitats (e, minimal habitat sl)eciu]izu-
tion). The apparent inu)nsisten(-y between
niche-breadth vadues and e]ecti\'it_\' indices may
be explained by two lactors: (1) the relative
scarcity in the \tnd\ area of grav (4/(()])1)]0 nH](‘
habitats and their avoidance by darters, and (2
the preference by darters for low-veloe ity p()()l
habitats characterized by sand and small aravel
a habitat that was abundant in the .stn(l_\ area.
Vahies for Hurlbert's measure of niche breadth
(B’ ) were consistently lower than values for
Smiths measire (F) Tor depth, velocity, and
substrate. This is expected becanse By is sensi-
tive to the seleetion of rare resources that are
more hicavilv weighted in the calenlation of
niche hreadth, \\lnlv FT is less sensitive to the
selection of rare resonrees (Krebs 1959).

Darter species t\'pi('u]l\ are restricted to a
narrow range of microhabitats. Thisis especially
evident in t]u‘n use of cortain substrates (]’.10(*
19530, - nigrnm has an msually broad toler-
ance mnong darters for variable environmental
conditions and has been observed over widely
vanving  velocities,  depths, and  substrates
between  drainages and within a particular
stremmm reach (Siart and Gee 1979, Angermeier
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1957). This stndv and others (e.g.. Becker 1959,
Paine et al. 1952, Englert and Seghers 1993
generally show that E. wigrum ocenrs most fre-
quently in pools and shiggish veachies of strean
over sand or silt substrates, atthongh this darter
also regnlarhy ocenrs i viffles (Lachner et al.
1950, Start and Gee 1979, Trantiman 195 1). In
other streams, pool anid riffle habitats are often

coinhabited by one or more darter species. If

competition with other darter %p(*civs restricts
E. nigrum to microhabitat types in which they

are umnnun]\ fornd, then in the absence of

other darter species one might e speet B nigrum
to experience competitive release. Etheostoma
uigrnni when alone shonld ocenpy awider range
of habitat in a particular stream reach. without
as much s])(‘(-i;l|i7uti()n for a purticn];n‘ range or
resonrce hvpe. Observed
microhabitat use from this study fonnd little
evidence of competitive release. suggesting that
other darters are probablv not restricting
E. nigrinu toa p;uﬁ(-nlur]ml)itzlt thpeinestreams
where they coenist.

Electivity and niche-breadth valnes for depth,
\'(*10(‘it_\‘. and substrate measnrenents frou this
study support the conclnsion of Coon (1952)
and others (Wi 1935, Karr 1963) that E,
nigron is a habitat generalist, except at the
extree ends of the habitat gradient (e shal-
low cobble ritfle and veryvshallow pool habitats).
However, in contrast to the studies of Coon

(1952) and Smart and Gee (1979), that recorded
E wigrnm in riffle and run/ponl habitats with
one or more darter species, this stl](]}' k.
nigrum, while it was common in pools, did not
ocenr in rilfles even in the absence ol other
darters.

Schlosser and Toth (1954 suggested that dif-
[erences in microhabitat nse in two svinpatric
darters appear to be constrained by morpholog-
ical \])(‘(l(l]l/.ltl()ll\ ol cach spec ies rather than
I)\ mte rspe (lll(‘u)n]})( titton. As with most sinall
darters. E, aigrine is characterized by morpho-
lt)”l( al spe (m]l/dtl(ms best snited to th( henthic
stratinn of pools and other snggish stream hab-
itats. often with a sand ov silt substrate (Page
1953, Page and Swofford 1954, Support for the
role of nmq)lmlmf\ in driving habitat ntilization
by E. nigruae in the study area comes from data
on cover utilization. Protection [rom stream
velocities in the absence of anv apparent physi-
cal instream cover mayv he (\])Lml( «d Dy this
species” small size and benthic habits. Velocitios
immediately above the substrate where lish
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patterus of
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were observed were negligible when comprred
tovelocities at the saime ](1( ation a few eentime-
ters higherin the water colmmm orat the surface.
\lso, subtle (l(-pr( ssions i the sand substyate
often were ocenpicd by individnal fish presinm-
ablyv for protection from stream velocity, One
miglt expect that the small size and obsenved
patterns o habitat ntilization by E. nigrum
would inerease its risks to predation. However,
small size. dvaly coloration. speckling, Wanarks.
and partial translucence, combined with \po
sure to full siumlicht, viade detection of individ-
wal fish on the speckled sand substrate dilfienlt.
The inereased risks of exposure to predation
from small size alone wonld appear to be com-
pensated by the conbination of varions mor-
phological Teatures. The sae morphological
features that act as camontlage in guict pools
likelv iy not serve the same fimetion in rifile
habitats ( (Page and Swofford 1954 .
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